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Does Postural Awareness Contribute to Exercise-
Induced Improvements in Neck Pain Intensity? A
Secondary Analysis of a Randomized Controlled
Trial Evaluating Tai Chi and Neck Exercises
Romy Lauche, PhD,,y Peter M. Wayne, PhD,z Johannes Fehr, Christoph Stumpe, MSc,
Gustav Dobos, MD, PhD, and Holger Cramer, PhD,y
Study Design. Secondary analysis of a randomized controlled
trial.
Objective. This secondary analysis aims to examine associ-
ations of improvement of chronic neck pain with patients’ and
intervention-related characteristics.
Summary of Background Data. Previous research has found
that Tai Chi and neck exercises significantly improved chronic
nonspecific neck pain; however, the factors for treatment
success remain unclear.
Methods. Subjects with chronic nonspecific neck pain were
randomly assigned to 12 weeks of group Tai Chi or conventional
neck exercises, and they attended 12 weekly sessions of 60 to
90 minutes. The interventions included exercises to improve
body awareness, that is, interoceptive and postural awareness. A
linear forward stepwise regression analysis was conducted to
examine associations with improvements in neck pain intensity.
Potential predictor variables included baseline pain, age, sex,
the type of intervention, attendance rate and home practice
duration, and changes in psychological well-being, perceived
stress, and postural and interoceptive awareness during the
study.
Results. Overall 75 patients were randomized into Tai Chi or
conventional exercises, with the majority being women (78.7%).
Participants reported an average pain intensity of 50.7 20.4
mm visual analog scale at baseline, and the average reduction
of pain intensity in both groups was 21.421.3 mm visual
analog scale. Regression analysis revealed that reductions in
pain intensity from baseline to 12 weeks were predicted by
higher pain intensity at baseline (r2¼ 0.226, P<0.001), a
decrease in anxiety (r2¼ 0.102, P¼0.001), and an increase in
postural awareness (r2¼0.078, P¼0.0033), explaining a total of
40.6% of variance.
Conclusion. Neck pain improvement was significantly associ-
ated with changes in postural awareness in subject with chronic
nonspecific neck pain independent of treatment characteristics.
Training of postural awareness might be an important mechan-
ism of action of different exercise-based interventions for chronic
neck pain.
Key words: body awareness, neck exercises, neck pain,
postural control, Tai Chi
Level of Evidence: N/A
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L
arge bodies of publications have investigated the
efficacyandsafetyof exercise interventions for treating
chronic neck and back pain.1–3 While most clinical
trials are focused on the outcomes such as pain intensity or
physical function, less is known about factors contributing
to the observed treatment effect. Identifying predictive
variables, however, could help to improve the design and
implementation of clinical interventions, and to better match
patients with potentially effective interventions.
Among the variables that other exercise studies have
evaluated for predicting response are participant age, sex,
and disability, and the type or dosage of interventions.4–6
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Improvements in body awareness might also be highly
relevant to chronic neck and back pain, because studies
have repeatedly pointed at the link between those pain
conditions and disturbed body image, especially in chronic
back7–9 and neck pain.10,11 A variety of body image
measures have been used in research before including
measures of proprioception and kinesthetic sense,12–16 of
interoceptive awareness,17,18 and of postural awareness.19
Targeting body awareness is assumed to improve chronic
pain and function.
A recent clinical trial on the effects of Tai Chi and neck
exercises in chronic neck pain has been published, and
results indicate not only significant improvements in pain
intensity, but also changes in postural awareness; their
interplay, however, had not been investigated. Thus the
aim of this secondary analysis is to determine factors associ-
ated with treatment success in this trial.
MATERIALS AND METHODS
This is a secondary analysis of a randomized controlled trial
on the effects of Tai Chi and neck exercises on chronic
nonspecific neck pain. A detailed description of the meth-
odology and results can be found elsewhere.19 Briefly, the
trial was conducted in 2014 and 2015 in the Department
of Internal and Integrative Medicine in Essen, Germany.
The study was approved by the ethics committee of the
University Hospital Essen (approval number: 13-5672-BO)
and registered at ClinicalTrials.gov (registry number:
NCT02222051), before subject recruitment. The trial was
three-armed, and Tai Chi was compared with a wait list
control group and an active control intervention (neck
exercises). Both Tai Chi and neck exercises were held in
groups with 10 to 15 participants per class each, and
subjects met once weekly for 60 to 90 minutes for a total
of 12 weeks. Participants were also asked to practice outside
of classes for at least 15 minutes each day.
The sample included adult subjects with at least moderate
chronic nonspecific neck pain without major medical con-
ditions or comorbidities, invasive treatments in the recent
past or during the trial, or regular Tai Chi or yoga practice in
the past 6 months. For more details on inclusion and
exclusion criteria please see the published trial.19 The sub-
jects were randomly assigned to their groups, and outcomes
were assessed at baseline and after 12 weeks.
Interventions
The Tai Chi intervention was based on the 13 forms from
Mantak Chia,20 a variation of the internationally recognized
Yang style Tai Chi; and it was practiced according to the
official training manual. The neck exercise training was
similar to those taught in rehabilitation programs, with
exercises and education for a healthy back. In addition
to isometric and dynamic mobilization, stretching and
strengthening neck and core exercises weekly classes also
included basic training of ergonomic principles.
Both interventions also aimed to improve participants’
body awareness by incorporating a variety of proprioceptive
(and interoceptive) exercises into the classes. Supported by
breathing exercises, and guided imagery participants were
instructed to perceive their posture, to actively change it,
and to observe any changes as a result of the exercises. The
exercises aimed to increase body awareness in everyday life
as a means to reduce neck pain, and neck pain–related
disability.
Outcomes
Outcomes were measured at baseline and at week 12, that is,
at the end of the study intervention. At the baseline assess-
ment all patients rated their expectations that Tai Chi or
neck exercises would be able to improve their neck pain
on a 0 to 10 Numerical Rating Scale with 10 indicating
‘‘highest possible expectation.’’
Pain intensity was measured using a 0 to 100 mm visual
analog scale (VAS) from the German Pain Question-
naire21,22 with 0 mm indicating ‘‘no neck pain at all’’ and
100 mm indicating ‘‘worst neck pain imaginable.’’
Psychological distress was measured by the Hospital
Anxiety and Depression Scale23,24 with the two dimensions
anxiety and depression, with higher values indicating higher
psychological distress.
The degree to which patients perceived their lives as
stressful was measured using the German Version of the
Perceived Stress Scale (PSS).25,26 The PSS consists of 10
items asking how often subjects find their lives unpredict-
able, uncontrollable, and overloaded in the last month; with
higher scores being indicative of higher perceived stress
in life.
Interoception, that is, the sensitivity toward stimuli
originating from within the body, was measured using the
Multidimensional Assessment of Interoceptive Awareness
instrument (MAIA)17 which consists of 40 items resulting in
eight separate dimensions of interoceptive awareness; and
higher scores each represent higher awareness.
Postural awareness was measured using the Postural
Awareness Scale (PAS) (Manuscript in preparation) with
12 items that describe the awareness of body posture and
postural control. The 12-item instrument consists of two
scales with six items each, and it has shown good psycho-
metric properties. The scale Effortless Awareness and Con-
nectedness describes high levels of postural awareness; the
subject regularly becomes aware of their posture, and being
aware requires only low efforts. This scale also describes
a connectedness between body and mind, that is, a sense
of the relationship between posture and well-being. The
scale Forced Awareness and Detachment on the contrary
indicates low levels of postural awareness, which and a
substantial amount of attention and focus is necessary to
become aware of the bodily posture, and only pain or
discomfort will remind participants of dysfunctional pos-
ture. Higher scores on both scales are indicative of higher
awareness and connectedness (factor 1), and forced aware-
ness and detachment (factor 2). The instrument can be
found in the supplemental table (http://links.lww.com/
BRS/B252).
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Attendance rate was measured using a record of attend-
ance in each class, and the duration of home practice was
calculated from the daily logs on which participants
recorded their daily home practice in minutes.
Experiences With the Interventions
Participants who participated in Tai Chi and neck exercises
were asked to provide short feedback on their experiences
with the respective interventions, with a special focus on
body awareness. Semistandardized mini-interviews were
taped, transcribed verbatim and analyzed using content
analysis,27 and results were paraphrased. Some statements
were translated into English for illustration purpose.
Statistical Analysis
All quantitative analyses were based on the intention to treat
population, that is, each patient providing baseline data was
included in the final analysis. Missing data were completed
using the Markov chain Monte Carlo multiple imputation
method in SPSS. A set of 50 imputations was generated, and
the arithmetic mean of those imputations was used for
the analysis.
To analyze the effect of changes in the Perceived Stress
Scale (PSS), the Multidimensional Assessment of Interocep-
tive Awareness (MAIA), and the Postural Awareness Scale
(PAS) on changes in pain intensity a linear forward stepwise
regression analysis with linear or dichotomous predictor
variables was conducted for all parameters that were sig-
nificantly correlated with changes in pain intensity. To
control for possible effects of sociodemographic variables,
age and sex were included in regression analyses in addition
to the number of attended classes and duration of home
practice. Significance level was set at a¼0.05; and changes
in R2 were reported for each variable included in the model.
All analyses were performed using the Statistical Package
for Social Sciences software (IBM SPSS Statistics for Win-
dows, release 22.0, IBM Corp, Armonk, NY).
RESULTS
Altogether 75 of 114 subjects in the trial were randomized to
Tai Chi or neck exercises, and the majority of them were
women (78.7%). Participants reported an average pain
intensity of 50.720.4 mm VAS at baseline, and the aver-
age reduction of pain intensity in both groups was
21.421.3 mm VAS.
Regression analysis revealed that reductions in pain
intensity from baseline to 12 weeks were associated with
higher pain intensity at baseline (r2¼0.226, P<0.001), a
decrease in anxiety (Hospital Anxiety and Depression Scale)
(r2¼0.102, P¼0.001), and an increase in the Effortless
Awareness and Connectedness score from the Postural
Awareness Scale (r2¼0.078, P¼0.0033), explaining a total
of 40.6% of variance (P<0.0001; Table 1). No other
variables were associated with pain reduction.
Qualitative data revealed that when asked about their
body awareness, and potential changes due to Tai Chi or
neck exercises, participants reported that both the interven-
tions had changed the ability to perceive the body, including
posture (‘‘I am certain that it changed lastingly, that [since
the intervention] I am more aware of my posture, especially
during working in a sitting position.’’ Subject 87). Partici-
pants indicated that awareness has widened, and expanded
to areas of the body that had gone unnoticed before (‘‘It has
changed in a way, that the awareness has expanded to the
neck and the head.’’ Subject 39). They also reported that
their focus more often turned toward their posture and their
movements, as compared to before the intervention. Becom-
ing more focused on body awareness was mostly described
as an active process; and participants reminded themselves
to examine themselves while standing, sitting, or walking.
Some participants also, however, described a sudden, almost
automatic awareness of posture at some times (‘‘. . . and now
and then it [posture] just comes to my mind, when I am
walking on the office floor.’’ Subject 32). The increased
postural awareness also led to changes in posture and
habitual movement pattern, such as sitting straight or walk-
ing more upright; and patients felt that they could actively
affect their pain (and well-being) by observing and modify-
ing their postural and movement patterns (‘‘When I am
having a moment of time, or when I am working in a sitting
position, then I might become aware, I sit up straight, take a
deep breath, relax my belly to breath freely, those things
have changed.’’ Subject 112).
DISCUSSION
It was previously reported that Tai Chi and neck exercises
led to a significant decrease in pain intensity in participants
with chronic nonspecific neck pain.19 This secondary
analysis informs these findings in ascertaining that the
reduction in pain intensity was associated with several
TABLE 1. Predictors for Changes in Pain Intensity As per Regression Analysis
Predictor R2 Change R2 Beta (95% CI) P
Pain at baseline (VAS) 0.226 0.226 0.458 (0.652; 0.264) <0.001
Difference in anxiety
(HADS)
0.328 0.102 2.404 (0.848; 3.960) 0.003
Change in effortless
awareness and
connectedness5
0.406 0.078 0.399 (0.659; 0.159) 0.003
HADS indicates Hospital Anxiety and Depression Scale; VAS, visual analog scale.
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factors, including pain intensity at baseline, a decrease in
anxiety, and an increase in postural awareness.
The predictor with the highest explained variance was
pain intensity at baseline, in that direction that those sub-
jects with higher pain intensity before the trial reporting
more improvement than less affected participants. This is a
common finding in clinical trials on pain conditions,28,29
and it may be related to the fact that there is more potential
for improvement in those experiencing more debilitating
neck pain compared to participants with minor to moderate
pain in the beginning.
Another significant factor is the change in anxiety, that
is, a larger improvement in anxiety was associated with a
larger improvement in pain intensity. Associations between
psychological disorders and musculoskeletal pain have
been investigated before, and studies found a higher preva-
lence of anxiety disorders in chronic pain patients in gen-
eral,30,31 and in chronic neck pain patients.32 Although
anxiety can be a result of chronic pain rather than a cause
and the current analysis can also be interpreted in
this direction, it anxiety can aggravate chronic pain by
influencing the vegetative nervous system (sympathicotonic
increase), which leads to increased muscle tension especi-
ally in the neck and shoulder area.33 Reducing anxiety may
therefore be beneficial for overall psychological well-being,
and lead to better outcomes.Of note, the role of anxietywas
significant, even though anxiety levels were modest and
below thresholds for an anxiety disorder; and only 26.7%
and 16.0% had scores above the cut-off for potential (8),
and for clinically relevant anxiety disorder (11),
respectively.34
Improvements in pain intensity were also predicted by
increases in the Effortless Awareness and Connectedness
subscale of the Postural Awareness Scale, that is, the more
aware participants were of their posture, the less efforts it
took them and the more they became aware of the con-
nection between posture and their well-being, the more their
pain decreased during the course of the study. Although
there is no direct connection between postural awareness
and pain, postural awareness may establish the basis for the
process of changing habitual postural and movement pat-
terns, that is, postural awareness can be considered a key
prerequisite for postural control35; and increasing postural
awareness should facilitate postural control. At least for Tai
Chi, previous research has found compelling evidence for
improvements in postural control as indicated by increases
in body awareness,36,37 improvements of balance and
reduced falls,38–40 alterations in muscle tone,41 and better
kinesthetic control.42,43 Similar findings have been reported
for yoga, as witnessed by improvements in proprioceptive
acuity in chronic neck pain44 and in postural control
in schizophrenia45 or older adults.46 Of note, although
conventional neck exercises might generally not target
body awareness to such degree as yoga or Tai Chi, the
exercise instructor in the present study was also the Tai Chi
instructor; and he incorporated the same amount of body
awareness exercises into the exercise class.19
Participants in the study mentioned in qualitative inter-
views that their body awareness had improved; however,
what appears to contradict the findings from the regression
analysis is that the changes most of them observed seemed
to be more a result of active observation rather than an
automatic process. There was, however, mention of sudden
and unexpected awareness, and that it became much easier
to focus one’s attention on the bodily posture, which might
correspond with the Effortless Awareness and Connected-
ness subscale of the Postural Awareness Scale.
Interestingly no influence has been found for attendance
rate, or home practice duration. Other trials have reported
such associations between higher levels yoga practice and
short- or long-term improvements in chronic neck or back
pain18,29; however, the trial duration and sample size in the
present studymay not have been sufficient. Contrary to yoga
which often includes a number of separate static positions,
Tai Chi incorporated a series of movements into complex
forms,47,48 and participants might need more training to
reach a proficiency level necessary for significant and sus-
tained changes. It can also be argued that time alone is no
sufficient measure for the treatment dosage, and other
measures for proficiency are needed.47,48
The study has several limitations: First of all the study
was planned as a randomized controlled trial to test the
effects of Tai Chi and conventional exercises rather than a
study to identify predictors for treatment success; therefore,
results should be considered preliminary or ‘‘hypothesis
generating.’’ The sample size for the regression was rela-
tively small, and reduced by a number of dropouts; finally
no objective measures of postural awareness were used. The
study results further indicate that other yet unknown factors
may have contributed to the improvement in neck pain.
Further studies may also be conducted to compare the
influence of different programs for improving postural
awareness.
CONCLUSION
In addition to psychological well-being, neck pain improve-
ment was significantly associatedwith postural awareness in
subject with chronic nonspecific neck pain independent of
treatment characteristics. Training of postural awareness
seems to be an important mechanism of action of different
exercise-based interventions for chronic nonspecific neck
pain. These findings can help tailor-specific exercise inter-
ventions for patients with chronic neck pain.
Key Points
Improvements in neck pain intensity are
associated with decreases in anxiety.
Improvements in neck pain intensity are
associated with changes in postural awareness.
Training of postural awareness might be an
important part of exercise-based interventions
for pain.
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